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(54) [Title of the Invention] 

EXPOSURE APPARATUS, GAS SUBSTITUTING METHOD, SEMICONDUCTOR 
DEVICE MANUFACTURING METHOD, SEMICONDUCTOR MANUFACTURING 
FACTORY AND MAINTENANCE METHOD OF EXPOSURE APPARATUS 

(57) [Abstract] 

[Problem] To reduce air immediately in a container which seals 
the surroundings of an optical path of exposure light in a 
semiconductor exposure apparatus. 
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[Means of Resolution] An exposure apparatus has a chamber 
having an optical element therein and surrounding a 
predetermined region, a seal container surrounding the chamber, 
and a pump reducing a pressure within the chamber, wherein the 
pressure of the seal container is also reduced when the pressure 
within the chamber is reduced. 

[Claims] 
[Claim 1] 

An exposure apparatus comprising: 

a chamber having an optical element therein and 

surrounding a predetermined region; 

a seal container surrounding the chamber; and 
a pump reducing a pressure within the chamber, 
wherein a pressure of the seal container is also reduced 

when the pressure within the chamber is reduced. 

[Claim 2] 

The exposure apparatus according to claim 1, wherein the 
chamber is supported by the seal container. 
[Claim 3] 

The exposure apparatus according to claim 1 or 2, further 
comprising a displacement mechanism producing a displacement 
between the chamber and the seal container. 
[Claim 4] 

The exposure apparatus according to any one of claims 
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1 to 3, further comprising a measuring instrument measuring 
a position relationship between a reference member and the 
chamber. 
[Claim 5] 

The exposure apparatus according to any one of claims 
1 to 4, wherein the position relationship between the reference 
member and the chamber is measured, and based on the measurement 
result, the displacement mechanism is controlled. 

[Claim 6] 

The exposure apparatus according to claim 1, wherein the 
chamber is supported by a surface plate supporting a barrel 
holding the optical element. 
[Claim 7] 

The exposure apparatus according to claim 6, wherein the 
seal container is coupled to the surface plate via a movable 
body. 
[Claim 8] 

The exposure apparatus according to claim 7, wherein the 
movable body is a bellows. 
[Claim 9] 

The exposure apparatus according to any one of claims 
1 to 8, wherein the seal container has a transmitting window 
passing light therethrough. 
[Claim 10] 

The exposure apparatus according to claim 9, wherein the 



transmitting window is made of fluorine compound glass. 
[Claim 11] 

The exposure apparatus according to claim 9 or 10, 
wherein the transmitting window is supported to be movable to 
the seal container. 
[Claim 12] 

The exposure apparatus according to any of claims 1 to 
11, wherein the seal container has an openable/closable door. 

[Claim 13] 

The exposure apparatus according to any one of claims 
1 to 8, further comprising an air vent for communication between 
the chamber and the seal container. 
[Claim 14] 

The exposure apparatus according to claim 13, wherein 
the air vent is openable and closable. 
[Claim 15] 

The exposure apparatus according to any one of claims 
1 to 14, wherein the pump discharges gas within the seal 
container. 
[Claim 16] 

The exposure apparatus according to claim 15, wherein 
the pump discharges gas within the chamber via an air vent 
provided for the chamber by discharging gas within the seal 
container. 
[Claim 17] 
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The exposure apparatus according to any one of claims 
1 to 16, wherein the pump discharges gas within the chamber. 
[Claim 18] 

The exposure apparatus according to any one of claims 
1 to 17, wherein the chamber has at least part of an optical 
element of an illumination optical unit therein. 

[Claim 19] 

The exposure apparatus according to any one of claims 
1 to 18, wherein the chamber has at least part of an optical 
element of a projection optical unit therein. 
[Claim 20] 

The exposure apparatus according to any one of claims 
1 to 19, wherein an inert gas is supplied after the pressure 
within the chamber is reduced. 
[Claim 21] 

The exposure apparatus according to claim 20, wherein 
the inert gas is at least one of helium and nitrogen. 
[Claim 22] 

The exposure apparatus according to any one of claims 
1 to 21, wherein the reduction of the pressure within the 
chamber is performed a plurality of times. 
[Claim 23] 

The exposure apparatus according to any one of claims 
1 to 22, wherein the chamber has a gas supply port and a gas 
discharge port. 
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[Claim 24] 

The exposure apparatus according to any one of claims 
1 to 23, wherein the chamber surrounds at least part of an 
optical path of light in a vacuum ultraviolet region. 
[Claim 25] 

An exposure apparatus comprising: 

a chamber having an optical element therein and 

surrounding a predetermined region; 

a mechanism achieving an inert gas atmosphere in the 

chamber; and 

a seal container surrounding the chamber, 

wherein a purity of the inert gas within the chamber is 

higher than a purity of an inert gas within the seal container. 

[Claim 26] 

The exposure apparatus according to claim 25, wherein 
the purity of the inert gas within the seal container is higher 
than a purity of an inert gas outside the seal container. 
[Claim 27] 

The exposure apparatus according to claim 25 or 26, 
wherein the mechanism exhausts gas within the chamber into a 
vacuum before achieving the inert gas atmosphere in the 
chamber. 
[Claim 28] 

The exposure apparatus according to any one of claims 
25 to 27, wherein the seal container has a transmitting window 
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passing light therethrough. 
[Claim 29] 

The exposure apparatus according to claim 28, wherein 
the transmitting window is made of fluorine compound glass. 
[Claim 30] 

The exposure apparatus according to any one of claims 
25 to 29, wherein the seal container has an openable/closable 

[Claim 31] 

The exposure apparatus according to any one of claims 
1 to 30, further comprising an air vent for communication 
between the chamber and the seal container. 
[Claim 32] 

The exposure apparatus according to claim 28, wherein 
the air vent is openable and closable. 
[Claim 33] 

The exposure apparatus according to any one of claims 
1 to 32, wherein the chamber has at least part of an optical 
element of an illumination optical unit therein. 
[Claim 34] 

The exposure apparatus according to any one of claims 
1 to 33, wherein the chamber has at least part of an optical 
element of a projection optical unit therein. 
[Claim 35] 

The exposure apparatus according to any one of claims 
8 



1 to 34, wherein the inert gas is at least one of helium and 

nitrogen. 

[Claim 36] 

The exposure apparatus according to any one of claims 
25 to 35, wherein the chamber surrounds at least part of an 
optical path of light in a vacuum ultraviolet region. 
[Claim 37] 

An exposure apparatus comprising: 

a chamber having an optical element therein and 
surrounding a predetermined region; 

a mechanism achieving an inert gas atmosphere in the 
chamber; and 

a seal container surrounding the chamber, 

wherein a pressure within the chamber is higher than a 
pressure within the seal container. 
[Claim 38] 

The exposure apparatus according to claim 37, wherein 
a pressure of an inert gas within the seal container is higher 
than a pressure of an inert gas outside the seal container. 
[Claim 39] 

The exposure apparatus according to claim 37 or 38, 
wherein the mechanism exhausts gas within the chamber into a 
vacuum before achieving the inert gas atmosphere in the 
chamber. 
[Claim 40] 
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The exposure apparatus according to any one of claims 
37 to 39, wherein the seal container has a transmitting window 
passing light therethrough. 
[Claim 41] 

The exposure apparatus according to claim 40, wherein 
the transmitting window is made of fluorine compound glass. 
[Claim 42] 

The exposure apparatus according to any one of claims 
37 to 41, wherein the seal container has an openable/closable 

[Claim 43] 

The exposure apparatus according to any one of claims 
37 to 42, further comprising an air vent for communication 
between the chamber and the seal container. 
[Claim 44] 

The exposure apparatus according to claim 43, wherein 
the air vent is openable and closable. 
[Claim 45] 

The exposure apparatus according to any one of claims 
37 to 44, wherein the chamber has at least part of an optical 
element of an illumination optical unit therein. 
[Claim 46] 

The exposure apparatus according to any one of claims 
37 to 45, wherein the chamber has at least part of an optical 
element of a projection optical unit therein. 
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[Claim 47] 

The exposure apparatus according to any one of claims 
37 to 46, wherein the inert gas is at least one of helium and 
nitrogen. 
[Claim 48] 

The exposure apparatus according to any one of claims 
37 to 47, wherein the chamber surrounds at least part of an 
optical path of light in a vacuum ultraviolet region. 

[Claim 49] 

A gas substituting method comprising: 

a step of reducing a pressure of the interior of a chamber 
having an optical element therein; 

a step of reducing a pressure of a seal container 
surrounding the chamber; and 

a step of supplying an inert gas into the interior of 
the chamber. 
[Claim 50] 

The gas substituting method according to claim 49, 
wherein a displacement is produced between the chamber and the 
seal container. 
[Claim 51] 

The gas substituting method according to claim 50, 
wherein a position relationship between a reference member and 
the chamber is measured, and based on the measurement result, 
the displacement mechanism is controlled. 
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[Claim 52] 

The gas substituting method according to any one of 
claims 49 to 51, wherein a door provided for the seal container 
is opened and closed. 
[Claim 53] 

The gas substituting method according to any one of 
claims 4 9 to 52, wherein an air vent provided for the chamber 

is opened and closed. 
[Claim 54] 

The gas substituting method according to any one of 
claims 4 9 to 53, wherein the pump discharges gas within the 

[Claim 55] 

The gas substituting method according to claim 54, 
wherein the pump discharges gas within the chamber via an air 
vent provided for the chamber by discharging gas within the 
seal container. 
[Claim 56] 

The gas substituting method according to any one of 
claims 4 9 to 55, wherein the pump discharges gas within the 
chamber. 
[Claim 57] 

The gas substituting method according to any one of 
claims 4 9 to 56, wherein an inert gas is supplied after the 
pressure within the chamber is reduced. 
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[Claim 58] 

The gas substituting method according to claim 57, 
wherein the inert gas is at least one of helium and nitrogen. 
[Claim 59] 

The gas substituting method according to any one of 
claims 49 to 58, wherein the reduction of the pressure within 
the chamber is performed a plurality of times. 

[Claim 60] 

A gas substituting method comprising : a step of supplying 
an inert gas to the interior of a chamber having an optical 
element therein; a step of supplying an inert gas to a seal 
container surrounding the chamber; and 

a step of performing control such that a purity of the 
inert gas within the chamber is higher than a purity of the 
inert gas within the seal container. 
[Claim 61] 

The gas substituting method according to claim 60, 
further comprising a step of performing control such that the 
purity of the inert gas within the seal container is higher 
than a purity of an inert gas outside the seal container. 
[Claim 62] 

A gas substituting method comprising: 
a step of supplying an inert gas to the interior of a 
chamber having an optical element therein; 

a step of supplying an inert gas to a seal container 
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surrounding the chamber; and 

a step of performing control such that a pressure of the 
inert gas within the chamber is higher than a pressure of the 
inert gas within the seal container. 
[Claim 63] 

The gas substituting method according to claim 62, 
further comprising a step of performing control such that the 

pressure of the inert gas within the seal container is higher 
than a pressure of an inert gas outside the seal container. 
[Claim 64] 

A semiconductor device manufacturing method comprising: 
a step of installing a group of manufacturing apparatuses 
for various processes including the exposure apparatus 
according to any one of claims 1 to 4 8 in a semiconductor 
manufacturing factory; and 

a step of manufacturing a semiconductor device with a 
plurality of processes by using the group of manufacturing 
apparatuses . 
[Claim 65] 

The semiconductor device manufacturing method according 
to claim 64, further comprising a step of connecting the group 
of manufacturing apparatuses through a local area network; and 

a step of performing data communication of information 
about at least one apparatus of the group of manufacturing 
apparatuses between the local area network and an external 
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network outside the semiconductor manufacturing factory. 
[Claim 66] 

The semiconductor device manufacturing method according 
to claim 65, wherein the data communication is used to access 
a database provided by a vendor or a user of the exposure 
apparatus through the external network to acquire maintenance 
information of the manufacturing apparatus or data 
communication is performed with a semiconductor manufacturing 
factory different from the semiconductor manufacturing 
factory through the external network to perform production 
management . 
[Claim 67] 

A semiconductor manufacturing factory comprising: 

a group of manufacturing apparatuses for various 
processes including the exposure apparatus according to any 
one of claims 1 to 48; 

a local area network connecting the group of 
manufacturing apparatuses; and 

a gateway allowing access from the local area network 
to an external network outside the factory, 

wherein data communication of information about at least 
one apparatus of the group of manufacturing apparatuses is 
allowed through connection with the external network. 
[Claim 68] 

A maintenance method of the exposure apparatus according 
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to any one of claims 1 to 48 installed in a semiconductor 
manufacturing factory, comprising: 

a step of supplying a maintenance database connected to 
an external network outside the semiconductor manufacturing 
factory by a vendor or a user of the exposure apparatus; 

a step of permitting access to the maintenance database 
from the semiconductor manufacturing factory through the 
external network; and 

a step of transmitting maintenance information 
accumulated in the maintenance database to the semiconductor 
manufacturing factory through the external network. 
[Claim 69] 

A storage medium in the exposure apparatus according to 
any one of claims 1 to 4 8 further comprising: 

a display for displaying maintenance information; 

a network interface for connection to a database managing 
the maintenance information; and 

a computer accessing the database on a network through 
the network interface and executing software for communication 
transmitting and receiving the maintenance information of the 
exposure apparatus, wherein data communication of the 
maintenance information of the exposure apparatus is allowed 
through a computer network. 
[Claim 70] 

The exposure apparatus according to claim 69, wherein 
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the software for communication is connected to an external 
network outside a factory in which the exposure apparatus is 
installed, a user interface for access to a maintenance 
database provided by a vendor or a user of the exposure 
apparatus is provided on the display, and acquisition of 
information from the database through the external network is 
allowed. 
[Claim 71] 

An exposure apparatus comprising: 

a chamber having an optical element therein and 

surrounding a predetermined region; 

a seal container surrounding the chamber; and 

a pump reducing a pressure within the seal container, 

wherein the chamber is supported on a surface plate and 

the seal container is coupled to the surface plate via a movable 

body for absorbing deformation. 

[Claim 72] 

The exposure apparatus according to claim 71, wherein 
the movable body is a bellows. 
[Claim 73] 

The exposure apparatus according to claim 71, further 
comprising a second movable body for absorbing deformation of 
the seal container, 

wherein the second movable body holds a transmitting 
window and the transmitting window is held in a predetermined 
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relationship with the optical element in the interior. 
[Claim 74] 

The exposure apparatus according to claim 71, wherein 
the movable body is a bellows. 
[Claim 75] 

The exposure apparatus according to claim 73, wherein 
the second movable body is a bellows. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a gas substituting 
method, and more particularly, to a method of substituting an 
inert gas for air as an atmosphere gas in an optical path of 
vacuum ultraviolet light in a semiconductor exposure apparatus 
using the vacuum ultraviolet light as a light source. The 
present invention also relates to an exposure apparatus in 
which such gas substitution is performed. 
[0002] 
[Prior Art] 

As semiconductor devices tend to have a higher degree 
of integration and a smaller size, high resolution is needed 
in an exposure apparatus such as a stepper. Since the 
resolution is proportional to the wavelength of exposure light, 
the exposure light has a shorter and shorter wavelength from 
a g-line in a visible light region (with a wavelength of 436 
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nm) to an i-line in an ultraviolet region (with a wavelength 
of 365 nm) . In recent years, KrF excimer laser light (with 
a wavelength of 248 nm) is used, and the use of ArF excimer 
laser light (with a wavelength of 193 nm) , F2 laser light (with 
a wavelength of 157 nm) , and even Ar2 laser light (with a 
wavelength of 126 nm) is being contemplated. 
[0003] 

In a wavelength region of the ArF excimer laser or less, 
however, light is absorbed by oxygen in air and the 
transmittance thereof is reduced. To address this, in an 
exposure apparatus employing the ArF excimer laser, nitrogen 
substitutes for gas in the majority of the optical path of 
exposure light. Since light is slightly absorbed by nitrogen 
in a wavelength region of 190 nm or less (vacuum ultraviolet) , 
nitrogen needs to be substituted by another gas (an inert gas 
other than nitrogen) which allows the light to pass 
therethrough. Of such gasses, it is contemplated that it is 
most desirable to substitute the atmosphere around the optical 
path of exposure light and around optical elements by helium 
in view of safety, excellent heat conductivity, and small 
changes in refractive index with temperature. 
[0004] 

Typically, for substituting the air in the optical path 
of exposure light by another gas, the optical path is contained 
in a seal container, one end of the seal container is used as 



19 



a supply port of the gas and the other end is used as a discharge 
port, the substitution gas is supplied through the supply port, 
and a gas flow path is formed in the seal container such that 
the substitution gas fills the entire optical path. Then, the 
gas in the seal container is substituted with the effects of 
convection and molecular diffusion. 
[0005] 

When the gas is supplied into the seal container, the 
air originally present in the container is pushed out . At this 
stage, the concentration near the discharge port is changed 
only slightly. Next, the air diluted with the convection is 
discharged. In this stage, the concentration of the original 
air is rapidly reduced exponentially. Thereafter, the rate 
of the concentration reduction is gradually slowed down. It 
is contemplated that this is because the gas substitution in 
a stagnation point where the gas does not flow easily is 
promoted mainly by the molecular diffusion. 
[0006] 

When the gas substitution in the stagnation point where 
the gas does not flow easily is promoted only by the molecular 
diffusion, it takes an extremely long time to reduce the 
concentration of the air originally present in the container. 
[0007] 

On the other hand, in the wavelength region of vacuiim 
ultraviolet light, a continuous absorbing band for oxygen is 
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present, so that light is significantly absorbed at a high 
oxygen concentration in the optical path. For use as the 
exposure apparatus, the oxygen concentration needs to be 
approximately 1 ppm or lower. When the substitution of air 
by helium is attempted with the conventional method, however, 
the gas substitution in the stagnation point is mainly 
performed only by the molecular diffusion and it takes a long 
time to achieve the gas substitution to a desired oxygen 

[0008] 

[Means for Solving the Problems] 

In view of the abovementioned problem of the prior art, 
it is an object of the present invention to reduce air 
immediately in a container which seals the surroundings of an 
optical path of exposure light in a semiconductor exposure 
apparatus . 
[0009] 

To achieve the abovementioned object, an exposure 
apparatus according to the present invention includes a chamber 
having an optical element therein and surrounding a 
predetermined region, a seal container surrounding the chamber, 
and a pump reducing the pressure within the chamber, wherein 
the pressure of the seal container is also reduced when the 
pressure within the chamber is reduced. 
[0010] 
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It is desirable that the chamber be supported by the seal 
container. 
[0011] 

It is desirable to have a displacement mechanism 
producing a displacement between the chamber and the seal 

[0012] 

It is desirable to have a measuring instrument measuring 
a position relationship between a reference member and the 
chamber. It is preferable to measure the position 
relationship between the reference member and the chamber, and 
to control the displacement mechanism based on the measurement 
result. 
[0013] 

Desirably, the seal container has a transmitting window 
passing light therethrough. The transmitting window is 
preferably made of fluorine compound glass. The seal 
container desirably has an openable/closable door. 
[0014] 

It is desirable to have an air vent for communication 
between the chamber and the seal container. The air vent is 
preferably openable and closable. 
[0015] 

The pump desirably discharges gas within the seal 
container. The pump desirably discharges gas within the 
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chamber via an air vent provided for the chamber by discharging 

gas within the seal container. 

[0016] 

Desirably, the pump discharges gas within the chamber. 

[0017] 

The chamber desirably has at least part of an optical 
element of an illumination optical unit therein. 

[0018] 

The chamber desirably has at least part of an optical 
element of a projection optical unit therein. 

[0019] 

An inert gas is desirably supplied after the pressure 
within the chamber is reduced. The inert gas is preferably 
at least one of helium and nitrogen. 
[0020] 

Desirably, the reduction of the pressure within the 
chamber is performed a plurality of times. 
[0021] 

The chamber desirably has a gas supply port and a gas 
discharge port. 
[0022] 

The chamber desirably surrounds at least part of an 
optical path of light in a vacuum ultraviolet region. 
[0023] 

Another exposure apparatus according to the present 
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invention includes a chamber having an optical element therein 
and surrounding a predetermined region, a mechanism achieving 
an inert gas atmosphere in the chamber, and a seal container 
surrounding the chamber, wherein the purity of the inert gas 
within the chamber is higher than the purity of an inert gas 
within the seal container. 
[0024] 

The purity of the inert gas within the seal container 
is desirably higher than the purity of an inert gas outside 
the seal container. 
[0025] 

The mechanism desirably exhausts gas within the chamber 
into a vacuum before achieving the inert gas atmosphere in the 
chamber. 
[0026] 

The seal container desirably has a transmitting window 
passing light therethrough. The transmitting window is 
preferably made of fluorine compound glass. The seal 
container desirably has an openable/closable door. It is 
desirable to have an air vent for communication between the 
chamber and the seal container. The air vent is preferably 
openable and closable. 
[0027] 

The chamber desirably has at least part of an optical 
element of an illumination optical unit therein. 
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[0028] 

The chamber desirably has at least part of an optical 
element of a projection optical unit therein. The inert gas 
is desirably at least one of helium and nitrogen. The chamber 
desirably surrounds at least part of an optical path of light 
in a vacuum ultraviolet region. 
[0029] 

Another exposure apparatus according to the present 
invention includes a chamber having an optical element therein 
and surrounding a predetermined region, a mechanism achieving 
an inert gas atmosphere in the chamber, and a seal container 
surrounding the chamber, wherein the pressure within the 
chamber is higher than the pressure within the seal container. 
[0030] 

Desirably, the pressure of an inert gas within the seal 
container is higher than the pressure of an inert gas outside 
the seal container. 
[0031] 

The mechanism desirably exhausts gas within the chamber 
into a vacuum before achieving the inert gas atmosphere in the 
chamber. 
[0032] 

The seal container desirably has a transmitting window 
passing light therethrough. The transmitting window is 
preferably made of fluorine compound glass. 
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[0033] 

The seal container desirably has an openable/closable 

door. 
[0034] 

It is desirable to have an air vent for communication 
between the chamber and the seal container. The air vent is 
desirably openable and closable. 

[0035] 

The chamber desirably has at least part of an optical 
element of an illumination optical unit therein. 

[0036] 

The chamber desirably has at least part of an optical 
element of a projection optical unit therein. 
[0037] 

The inert gas is desirably at least one of helium and 
nitrogen. 
[0038] 

The chamber desirably surrounds at least part of an 
optical path of light in a vacuum ultraviolet region. 
[0039] 

To achieve the abovementioned object, a gas substituting 
method according to the present invention includes a step of 
reducing the pressure of the interior of a chamber having an 
optical element therein, a step of reducing the pressure of 
a seal container surrounding the chamber, and a step of 
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supplying an inert gas into the interior of the chamber. 
[0040] 

Another gas substituting method according to the present 
invention includes a step of supplying an inert gas to the 
interior of a chamber having an optical element therein, a step 
of supplying an inert gas to a seal container surrounding the 
chamber, and a step of performing control such that the purity 
of the inert gas within the chamber is higher than the purity 
of the inert gas within the seal container. 
[0041] 

Another gas substituting method according to the present 
invention includes a step of supplying an inert gas to the 
interior of a chamber having an optical element therein, a step 
of supplying an inert gas to a seal container surrounding the 
chamber, and a step of performing control such that the pressure 
of the inert gas within the chamber is higher than the pressure 
of the inert gas within the seal container. 
[0042] 

A semiconductor device manufacturing method using the 
abovementioned exposure apparatus falls within the scope of 
the present invention. 
[0043] 

A semiconductor manufacturing factory including the 
abovementioned exposure apparatus falls within the scope of 
the present invention. A maintenance method of the 
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abovementioned exposure apparatus falls within the scope of 

the present invention. 

[0044] 

[Mode for Carrying Out the Invention] 
<Embodiment of Exposure Apparatus> 

Fig. 1 is an overall configuration diagram showing an 
embodiment of an exposure apparatus according to the present 
invention. 
[0045] 

In Fig. 1, a laser apparatus 1 serving as a light source 
of the exposure apparatus is installed on a floor or downstairs 
independently of the exposure apparatus. The laser apparatus 
1 is an excimer laser apparatus which generates vacuum 
ultraviolet light in a wavelength region of wavelengths of 160 
nm or less. While an F2 excimer laser having a generating 
wavelength near 157 nm is used in the present embodiment, 
another light source generating a wavelength in an ultraviolet 
region may be used such as an Ar2 laser having a generating 
wavelength near 126 nm. 
[0046] 

A laser beam emitted by the laser apparatus 1 is directed 
into an apparatus body through mirrors 2 and 3 . A chamber 4 
has a sealed structure in order to block the surroundings of 
an optical path including the mirrors 2 and 3 from the 
ventilation of outside air. A glass 5 is placed in a light 
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exit portion from the chamber 4 . The glass 5 passes the laser 
beam from the laser apparatus 1 exiting from the interior of 
the chamber 4 and directs the laser beam to a housing 6, later 
described. The glass 5 is held to ensure the sealed state of 
the chamber 4 . 
[0047] 

The glass 5 is formed of a glass material made of fluorine 

compound. Specifically, it is possible to use any of fluorite 
{CaF2), magnesium fluoride (MgF2), barium fluoride (BaF2) , 
SrF2, and fluorine doped quartz. These glass materials have 
high transmittance for light of a wavelength of 157 mm or less. 
The details within the chamber 4 are described later. 
[0048] 

The light passed through the glass 5 is incident on the 
housing 6 and illuminates a reticle 8 via a mirror 7 in the 
housing 6. 
[0049] 

The details of the housing 6 are also described later. 

[0050] 

The reticle 8 is placed on a reticle holder 10 mounted 
on a reticle stage 9. The reticle stage 9 is driven by a reticle 
stage driving unit, not shown, in a Y direction which is a 
direction within a plane orthogonal to an optical axis and is 
a scanning direction. A bar mirror 11 is fixed to the reticle 
stage 9. The position of the bar mirror is measured by an 
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interferometer 12 to measure the position of the reticle stage. 
In Fig. 1, the only one interferometer 12 is illustrated and 
shown to be driven in the Y direction of coordinates in Fig. 
1 that is the scanning direction. However, an interferometer 
and a bar mirror may also be placed in an X direction of the 
coordinates in Fig. 1 to measure the position of the reticle 
stage in the two, X and Y, axes. 
[0051] 

A pattern (not shown) drawn on the reticle 8 is scaled 
down at a predetermined magnification by a projection optical 
unit 13 and is transferred by exposure to a wafer 14 having 
a photosensitive material applied thereto. The details of the 
projection optical unit 13 are also described later. 
[0052] 

The wafer 14 is placed on a wafer chuck 16 mounted on 
a wafer stage 15. The wafer stage 15 is driven by a wafer stage 
driving unit, not shown, in the XY direction which is a 
direction within a plane orthogonal to the optical axis. A 
bar mirror 17 is fixed to the wafer stage. The position of 
the bar mirror is measured by an interferometer 18 to measure 
the position of the wafer stage. In Fig. 1, the only one 
interferometer 18 is illustrated and shown to be driven in the 
Y direction of the coordinates in Fig. 1 that is the scanning 
direction. However, since the wafer stage needs to step-move 
the wafer in the X direction after scanning exposure, an 
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interferometer and a bar mirror may also be placed in the X 
direction of the coordinates in Fig. 1 to measure the position 
of the wafer stage in the two, X and Y, axes. 
[0053] 

Next, an apparatus structure is described. 

[0054] 

A main surface plate 20 is mounted on a plurality of legs 
19. A stage surface plate 21 and a barrel surface plate 22 
are placed on the main surface plate 20. 
[0055] 

A reference plane in parallel to the XY plane is provided 
on the stage surface plate 21 . The abovementioned wafer stage 
15 moves in the XY direction along the reference plane. In 
the present embodiment, the wafer stage 15 is supported in a 
non-contact manner for the stage surface plate 21 by a guide 
using a gas bearing. The guide for supporting the wafer stage 
is not limited to the gas bearing, and it is possible to use 
a rolling type guide using a ball or a roller, or a sliding 
type guide . 
[0056] 

An air-conditioning duct 23 and an outer casing 24 are 
placed on the barrel surface plate 22 in addition to the 
projection optical unit 13 and the interferometer 18 described 
above. Since the interferometer 18 is supported on the barrel 
surface plate 22 which supports the projection optical unit 
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13, the position of the wafer stage 15 can be measured relative 
to the projection optical unit 13. The air-conditioning duct 
23 blows gas from a circulating unit, later described, in a 
direction orthogonal to the optical axis of the projection 
optical unit 13 via an inside ULPA filter 23' (Ultra Low 
Penetration Air-filter) . The air-conditioning duct 23 
stabilizes the space generally surrounded by an interferometer 
optical path 18' of the interferometer 18, the wafer 14, and 
the barrel surface plate 22 at a predetermined temperature. 
This can reduce fluctuations of the interferometer optical path 
18' and reduce object deformation due to a temperature change 
in the space. The air-conditioning duct 23 also reduces the 
concentration of a light absorbing material (for example, 
oxygen) in the exposure light path from the termination of the 
projection optical unit 13 to the wafer 14. 
[0057] 

The abovementioned reticle stage 9 moves in the Y 
direction (and, in some cases, in the X direction) which is 
the scanning direction along a reference plane provided for 
the outer casing 24. In the present embodiment, the reticle 
stage 15 is supported in a non-contact manner for the outer 
casing 24 by a guide using an air bearing. The guide for 
supporting the reticle stage is not limited to the gas bearing, 
and it is possible to use a rolling type guide using a ball 
or a roller, or a sliding type guide. 
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[0058] 

The outer casing 24 surrounds an upper portion of the 
projection optical unit 13 above an upper surface of the barrel 
surface plate 22 and has an opening portion 24' in an upper 
portion so as to pass exposure light pencils. The 
interferometer 12, an air-conditioning duct 25, and the housing 
6 (in Fig. 1, the connecting portion of the housing 6 and the 
outer casing is omitted by a break line) are mounted on the 
outer casing 24 in addition to the reticle stage 9 described 
above. Since the interferometer 12 is supported on the outer 
casing 24 provided integrally with the projection optical unit 
13, the position of the reticle stage 9 can be measured relative 
to the projection optical unit 13. The air-conditioning duct 
25 blows gas from the circulating unit, later described, in 
the direction orthogonal to the optical axis of the projection 
optical unit 13 via an inside ULPA filter 25'. The 
air-conditioning duct 25 stabilizes an interferometer optical 
path 12' of the interferometer 12, the reticle 8, and the space 
surrounding the reticle at a predetermined temperature . This 
can reduce fluctuations of the interferometer optical path 12' 
and reduce object deformation due to a temperature change in 
the space surrounding the reticle. The air-conditioning duct 
25 reduces the concentration of a light absorbing material (for 
example, oxygen) in the optical path before and after the 
reticle 8. 
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[0059] 

In the present embodiment, a chamber 26 has a sealed 
structure which accommodates the apparatus body and blocks 
ventilation of outside air. A movable member 27 is formed of 
bellows made of stainless steel or the like, and has a structure 
which can couple the surroundings of the legs 19 to the chamber 
26, ensure the hermeticity of the chamber 26, and absorb a 
relative displacement of the legs 19 and the main surface plate 
20. 
[0060] 

A movable member 28 is formed of bellows made of stainless 
steel or the like, and has a structure which can couple the 
chamber 4 to the chamber 26, ensure the hermeticity of the 
chamber 4 and the chamber 26, and absorb a relative displacement 
of the chamber 4 and the chamber 26 mounted on a support stage 
30. 
[0061] 

A movable member 29 is formed of bellows made of stainless 
steel or the like, and has a structure which can couple the 
chamber 4 to the housing 6, ensure the hermeticity of the 
chamber 4 and the housing 6, and absorb a relative displacement 
of the chamber 4 and the housing 6. 
[0062] 

While the movable members 27, 28, and 29 are provided 
by using the bellows made of stainless steel in the present 
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embodiment, the present invention is not limited thereto as 
long as the structure can ensure the hermeticity and absorb 
a relative displacement. It is possible to use a metal bellows 
made of alloy of nickel or titanium, or a bellows made of resin. 
A magnetic fluid seal may be used in addition to the bellows. 
[0063] 

A load lock room 31 is a load lock room used in carrying 
the reticle 8 in or out and includes gate valves 32 and 33 freely 
opened and closed by a driving unit, not shown . A support stage 
34 is a support stage for the reticle 8. A reticle carrying 
robot 35 performs supply and recovery of the reticle to and 
from the reticle holder 10. 
[0064] 

A load lock room 36 is a load lock room used in carrying 
the wafer 14 in or out and includes gate valves 37 and 38 freely 
opened and closed by a driving unit, not shown. A support stage 
39 is a support stage for the wafer 14. A wafer carrying robot 
4 0 performs supply and recovery of the wafer to and from the 
wafer chuck 16. 
[0065] 

Next, description is made of an environmental control 
and temperature control method within the chambers 4 and 26 
and the load lock rooms 31 and 36. 
[0066] 

A gas supply source 51 supplies one of nitrogen gas and 
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helium gas as inert gas. The two gasses have excellent 
transmittance for F2 laser light. The gas supply source 51 
supplies gas substantially containing no oxygen. 
"Substantially containing no oxygen" means that oxygen largely 
affecting the apparatus performance is not contained, and means 
an oxygen concentration at least lower than the oxygen 
concentration needed for the chamber 4 and the like. 
[0067] 

The gas from the gas supply source 51 is directed to a 
gas supply port 53 provided for one end of the chamber 4 on 
the side of the light source via piping 52, passes in the chamber 
4, and then is discharged through a gas discharge port 54 
provided for the other end of the chamber 4 on the side of the 
exposure apparatus, and is discharged to an exhaust mechanism 
56 via piping 55. 
[0068] 

Next, a gas flow path within the chamber 4 is described 
with reference to Fig. 2. Components identical to those in 
Fig. 1 are designated with the same reference numerals and 
description thereof is omitted. 
[0069] 

A laser beam emitted by the laser apparatus 1 is reflected 
by the mirror 2 and is shaped into a predetermined beam form 
by a beam shaping optical unit 201. Then, the laser beam is 
applied to an optical integrator 210 at a predetermined 
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magnification by condensing lenses 204 and 207. The optical 
integrator 210 includes fine lenses arranged 
two-dimensionally and illuminates a conjugate plane 219 to the 
reticle 8 (Fig. 1) with superimposition via a condensing lens 
213. 
[0070] 

The beam shaping optical unit 201 is supported on a 

support stage 202 including an air vent 203. The condensing 
lens 204 is supported on a support stage 205 including an air 
vent 206. The condensing lens 207 is supported on a support 
stage 209 including an air vent 208. The optical integrator 
210 is supported on a support stage 211 including an air vent 
212. The condensing lens 213 is supported on a support stage 
214 including an air vent 215. 
[0071] 

The gas from the gas supply port 53 flows along the optical 
path within the chamber 4, passes through the air vents 203, 
206, 208, 212, 215, and 218 in order, and is discharged through 
the gas discharge port 54. 
[0072] 

The concept of the gas flow path within the chamber 4 
is shown by arrows in Fig. 2. 
[0073] 

The flow path is provided to pass through the space 
between the optical elements within the chamber 4 successively 
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to allow the efficient gas substitution of the atmosphere in 

the space between the optical elements. 

[0074] 

While the glass 5 is formed of parallel plane plate in 
the present embodiment, the present invention is not limited 
thereto, and another transmitting element may be used such as 
a lens and a prism. In addition, while the present embodiment 

has been described in conjunction with the case where a fly 
eye lens is used as the optical integrator, the present 
invention is not limited thereto, and a rod integrator may be 
used, a plurality of fly eye lenses may be used in series, or 
an optical unit provided by combining the fly eye lens with 
the rod integrator may be used. 
[0075] 

The optical unit within the chamber 4 is combined with 
the optical unit within the housing 6, later described, to form 
an illumination optical unit which illuminates the reticle. 
[0076] 

Returning to Fig. 1, the description of the exposure 
apparatus of the present embodiment is continued. 
[0077] 

In Fig. 1, a gas supply source 57 supplies one of nitrogen 
gas and helium gas. 
[0078] 

The gas from the gas supply source 57 is directed to a 



38 



gas supply port 59 provided for the housing 6 or the bellows 
29 via piping 58, passes in the housing 6, and is discharged 
into the chamber 6 through a gas discharge port 60 provided 
for one end of the housing 6. 
[0079] 

The gas flow path within the housing 6 is described with 
reference to Fig. 2 in which components identical to those in 
Fig. 1 are designated with the same reference numerals and 

description thereof is omitted. 
[0080] 

A masking blade 301 has an opening in rectangular shape 
which defines the illumination range of the reticle 8. The 
rectangular opening dimensions can be changed by driving with 
driving means, not shown, depending on the reticle pattern and 
the position of the reticle 8. A light shield plate 301' which 
forms the abovementioned rectangular opening in the masking 
blade 301 is placed near a conjugate plane 219 to the reticle 
8. Condensing lenses 302 and 305 project the image of the 
rectangular opening portion formed by the masking blade 301 
onto the reticle 8 at a predetermined magnification. 
[0081] 

Thus, as described above, the optical unit within the 
housing 6 forms a portion of the illumination optical unit which 
illuminates the reticle 8 together with the optical unit within 
the chamber 4 . 
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[0082] 

The light shield plate 301' has a structure which moves 
along a guide, not shown. While the present embodiment has 
been described in conjunction with the use of a gas bearing 
which is a non-contact bearing, the present invention is not 
limited thereto, and it is possible to use a rolling type guide 
using a boll or a roller, or a sliding type guide. 
[0083] 

The condensing lens 302 is supported on a support stage 
304 having an air vent 303. The condensing lens 305 is 
supported on a support stage 306. 
[0084] 

The gas from the gas supply port 59 flows along the optical 
path within the housing 6, passes through the air vent 303 
provided in the support stage 4, passes through the optical 
path between the condensing lenses 302 and 305, and then is 
discharged through the gas discharge port 60. The concept of 
the gas flow path within the housing 6 is shown by the arrows 
in Fig. 2 . The flow pass is provided to pass between the optical 
elements within the housing 6 successively to allow the 
efficient gas substitution of the atmosphere between the 
optical elements. 
[0085] 

While the gas discharged through the gas discharge port 
60 is directly flowed into the chamber 26 in the present 
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embodiment, the present invention is not limited thereto. The 
gas from the gas discharge port 60 may be directed to the optical 
unit placed in the optical path from the housing 6 to the wafer 
14, for example to the projection optical unit 13, may be passed 
in the projection optical unit, and then may be discharged into 
the chamber 26. Alternatively, the gas discharged from the 
gas discharge port 60 may be directly recovered. 
[0086] 

While the optical unit within the housing 6 shown in Fig. 
2 is an imaging optical unit using the condensing lens unit, 
it is possible to use a reflection-refraction type optical unit 
or a reflection type optical unit instead. 
[0087] 

While the use of the rectangular opening shape in the 
maslcing blade 301 is described in the present embodiment, it 
is possible to use an arc-shaped opening having a predetermined 

[0088] 

In the present embodiment, the gas support port 59 is 
provided in one end of the housing 6 on the side of the light 
source, and the gas discharge port 60 is provided in one end 
of the housing 6 on the side of the reticle. However, the 
present invention is not limited thereto. For example, the 
gas supply port may be provided in one end of the housing 6 
on the side of the reticle and the gas discharge port may be 
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provided in one end of the housing 6 on the side of the light 
source. Particularly, in view of the gas purity and the like 
of the atmosphere within the housing 6, it may be desirable 
that the portion where the masking blade, which is a movable 
body, is located be set as the downstream side. 
[0089] 

The abovementioned gas circulating method is a 
substituting method of the gas within the chamber 4 and within 
the housing 6 during exposure. However, since the atmosphere 
within the chamber 4 and within the housing 6 is air before 
exposure, merely flowing the inert gas results in a long time 
taken to reduce the oxygen concentration in the optical path. 
[0090] 

To address this, in the present invention, before the 
inert gas is supplied into the chamber 4 and the housing 6, 
evacuation is performed in the chamber 4 and the housing 6 once 
or a plurality of times to discharge the air originally present 
in the interior. 
[0091] 

For example, when the chamber 4 is deformed due to a 
pressure difference between the interior and the exterior of 
the chamber 4 at the time of the evacuation of the chamber 4, 
the position of the optical element held by the chamber 4 is 
undesirably shifted. 
[0092] 



42 



Thus, in the present invention, the chamber 4 and the 
housing 6 are surrounded by a seal container in order to reduce 
the pressure difference between the interior and exterior of 
the chamber 4 and the housing 6. In performing the evacuation 
of the chamber 4 and the housing 6, the interior of the seal 
container is controlled to be at a pressure substantially the 
same as the pressure within the chamber 4 and the housing 6. 
This can reduce the pressure difference between the interior 
and the exterior of the chamber 4 and the housing 6 to suppress 
the deformation at the time of the evacuation of the chamber 
4 and the housing 6. 
[0093] 

The abovementioned seal container is described with 
reference to Fig. 4. 
[0094] 

In Fig. 3, a seal container 101 surrounds the chamber 
4 and the housing 6 having the illumination optical unit. A 
vacuum pump 103 forcedly exhausts gas within the seal container 
101 to perform the evacuation of the seal container 101. 
[0095] 

An air vent 105A allows the atmosphere within the chamber 
4 to communicate with the atmosphere within the seal container. 
When the vacuum pump 103 forcedly exhausts the gas in the seal 
container 101, the pressure of the atmosphere within the seal 
container 101 is reduced, and the gas within the chamber 4 is 
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discharged into the seal container 101 through the air vent 
105A. This can perform the evacuation of the chamber 4 and 
achieve the pressure within the chamber 4 substantially the 
same as the pressure within the seal container. 
[0096] 

An air vent 105B allows the atmosphere within the housing 
6 to communicate with the atmosphere within the seal container. 

When the vacuum pump 103 forcedly exhausts the gas in the seal 
container 101, the pressure of the atmosphere within the seal 
container 101 is reduced, and the gas within the housing 6 is 
discharged into the seal container 101 through the air vent 
105B. This can perform the evacuation of the housing 6 and 
achieve the pressure within the housing 6 substantially the 
same as the pressure within the seal container. 
[0097] 

The abovementioned configuration can be used to perform 
the evacuation of the chamber 4 and the housing 6 and to reduce 
the pressure difference between the interior and the exterior 
of the chamber 4 and the housing 6. This can reduce the 
deformation of the chamber 4 and the housing 6 at the time of 
the evacuation. 
[0098] 

While Fig. 3 shows the chamber 4 and the housing 6 which 
are surrounded by the same seal container, the present 
invention is not limited thereto, and they may be surrounded 
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by separate seal containers. In addition, the seal container 

101 may double as the abovementioned chamber 26. 

[0099] 

When the seal container 101 is evacuated, a pressure 
difference may be produced between the interior and the 
exterior of the seal container 101 to cause deformation. When 
the seal container 101 supports the chamber 4, for example, 
it is undesirable to transfer the deformation of the seal 
container 101 to the chamber 4 . Thus, in the present invention, 
a displacement mechanism for producing a displacement is 
provided between the seal container 101 and the chamber 4. 
[0100] 

When the seal container 101 is deformed, displacement 
mechanisms 107A and 107B produce a displacement between the 
seal container 101 and the chamber 4 in response to the 
deformation of the seal container so as not to transfer the 
deformation to the chamber 4. A reference member 111 provided 
externally is used as a reference of positioning the 
illumination optical unit, and the distance between the chamber 
4 and the reference member 111 is detected by an interferometer 
113. The displacement mechanisms 107A and 107B are controlled 
on the basis of the position information detected by the 
interferometer 113. 
[0101] 

The displacement mechanisms 107A and 107B can desirably 
45 



control the chamber 4 in six-axis directions. The 
displacement mechanisms 107A and 107B may support chamber 4 
for the seal container. In addition, the displacement 
mechanisms 107A and 107B desirably provide the displacement 
in a non-contact manner. 
[0102] 

While Fig. 3 shows the displacement mechanisms only for 
the chamber 4, such a mechanism is provided similarly for the 
housing 6. 
[0103] 

The seal container 101 needs to pass exposure light 
therethrough during exposure . Thus, a transmitting window 115 
is provided for the seal container 101 in the present invention. 
The transmitting window 115 is held to ensure the hermeticity 
within the seal container 101 and has a structure resistant 
to a pressure difference, if any, between the interior and the 
exterior of the seal container. The transmitting window 115 
is formed of glass material made of fluorine compound. 
Specifically, it is possible to use any of fluorite (CaF2), 
magnesium fluoride (MgF2), barium fluoride (BaF2) , SrF2, and 
fluorine doped quartz. These glass materials have high 
transmittance for light having a wavelength of 157 nm or less. 
While the transmitting window 115 is provided by using a 
parallel plane plate in the present embodiment, the present 
invention is not limited thereto, and another transmitting 
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element may be used such as a lens, a prism, and a film. 
[0104] 

After the chamber 4 and the housing 6 are evacuated as 
described above and the air originally present within the 
chamber 4 and the housing 6 is discharged, the inert gas is 
supplied through the gas supply port 53 or the gas supply port 
5 9 to circulate the atmosphere within the chamber 4 and the 
housing 6 as described above. At this point, the air vents 
105A and 105B are closed to ensure the path of the gas described 
in Fig. 2. 
[0105] 

When the seal container is evacuated, the transmitting 
window 115 may be distorted or displaced. To address this, 
the transmitting window 115 may be held by a bellows (movable 
body) on the seal container and may be moved by an actuator, 
not shown, relative to the seal container. The bellows for 
the transmitting window is substantially similar to a bellows 
for a transmitting window 165 in the projection optical unit, 
later described. 
[0106] 

In Fig. 3, the air vents 105A and 105B are used to reduce 
the pressure difference between the interior of the seal 
container 101 and the interior of the chamber 4 and the housing 
6. However, the means for reducing the pressure difference 
is not limited thereto. For example, as shown in Fig. 4, it 
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is possible to provide vacuum pumps 103A, 104B, and 103C for 
the seal container 101, the chamber 4, and the housing 6, 
respectively, and to measure the internal pressures and control 
the vacuum pumps based on the measurement results . In addition, 
as shown in Fig. 6, later described, it is possible to provide 
vacuum pumps for the chamber 4 and the housing 6 and to provide 
air vents between the chamber 4 and the seal container 101 and 
between the housing 6 and the seal container 101. 
[0107] 

In Fig. 3, when the pressure within the chamber 4 and 
within the housing 6 during exposure is substantially the same 
as the external pressure, the hermeticity of the seal container 
101 does not need to be held. In such a case, the transmitting 
window 115 provided for the seal container 101 is not 
particularly required, and for example, an openable/closable 
door which is closed in evacuation may be used. 
[0108] 

In Fig. 3, the purity of the inert gas within the chamber 
4 and the housing 6 needs to be increased particularly during 
exposure. Thus, the pressure within the chamber 4 and the 
housing 6 during the exposure may be a positive pressure. This 
can prevent the inflow of gas from outside the chamber 4 or 
the housing 6 to maintain the purity of the inert gas within 
the chamber 4 and the housing 6. If the atmosphere within the 
seal container 101 is also the inert gas atmosphere, a reduction 
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in purity of the gas in the chamber 4 or the housing 6 can be 
reduced even when gas flows into the chamber 4 or the housing 
6 from the seal container 101 . Thus, it is desirable to provide 
a supply port or a discharge port of the inert gas for the seal 
container 101. 
[0109] 

When the seal container 101 is filled with the inert gas 

as described above, a high purity equal to the purity within 
the chamber 4 and the housing 6 is not necessarily desired. 
For example, the purity may be higher in the order within the 
chamber 4 (or the housing 6) , then within the seal container 
101, and outside the seal container. 
[0110] 

When a positive pressure is set within the chamber 4 or 
the housing 6 as described above, the pressure may be controlled 
to be higher in the order within the chamber 4 (or the housing 
6), then within the seal container 101, and outside the seal 
container, for example. 
[0111] 

When the chamber 4 and the housing 6 are evacuated a 
plurality of times, it is desirable to have a step of filling 
the chamber 4 and the housing 6 with the inert gas between the 
evacuation steps. The evacuation performed a plurality of 
times can reduce the pressure difference between the interior 
and the exterior at each evacuation step to reduce deformation. 
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In addition, the oxygen concentration can be sufficiently 

reduced in a short time . 

[0112] 

Returning to Fig. 1, description is continued. In Fig. 
1, the gas from the gas supply source 57 is directed to a gas 
supply port 62 provided for one end of the projection optical 
unit 13 on the side of the wafer via piping 61, passes through 
the projection optical unit 13, and then is discharged into 
the chamber 26 from a gas discharge port 63 provided for the 
other end of the projection optical unit 13 on the side of the 
reticle . 
[0113] 

The gas flow path within the projection optical unit 13 
is described with reference to Fig. 5. Components identical 
to those in Fig. 1 are designated with the same reference 
numerals and description thereof is omitted. 
[0114] 

The pattern drawn on the reticle 8 is scaled down and 
projected onto the wafer 14 by lenses 402, 405, 408, 411, 414, 
417, and 420 . Reference numeral 401 shows a barrel of the group 
of lenses described above. 
[0115] 

The lens 402 is supported on a support stage 404 including 
the gas discharge port 63. The lens 4 05 is supported on a 
support stage 407 including an air vent 406. The lens 408 is 
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supported on a support stage 410 including an air vent 409. 
The lens 411 is supported on a support stage 413 including an 
air vent 412. The lens 414 is supported on a support stage 
416 including an air vent 415. The lens 417 is supported on 
a support stage 419 including an air vent 418. The lens 420 
and the support stages 407, 407, 410, 413, 416, and 419 are 
supported on the barrel 401. 
[0116] 

The gas from the gas support port 62 passes through the 
air vents 418, 415, 412, 409, and 406 provided for the 
respective support stages in order and is discharged through 
the gas discharge port 63. The concept of the gas flow path 
within the projection optical unit 13 is shown by arrows in 
Fig. 4. The flow path is provided to pass between the optical 
elements within the projection optical unit 13 successively 
to allow the efficient gas substitution of the atmosphere 
between the optical elements within the projection optical unit 
13. 

[0117] 

While the gas discharged from the gas discharge port 63 
is directly flowed into the chamber 26 in the present embodiment, 
the present invention is not limited thereto. The gas from 
the gas discharge port 63 may be directed to the optical unit 
placed in the optical path from the glass 5 (Figs. 1 to 4) to 
the wafer 14, for example to housing 6 (Fig. 1, Fig. 4), and 
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be discharged into the chamber 26 via the housing 6. 
Alternatively, the gas discharged through the gas discharge 
port 63 may be directly recovered. 
[0118] 

While the refraction type optical unit is used as the 
projection optical unit 13 in the present embodiment, the 
present invention is not limited thereto, and a 

reflection-refraction type optical unit or a reflection type 

optical unit may be used instead. 

[0119] 

The abovementioned gas circulating method is a 
substituting method of the gas within the projection optical 
unit 13 during exposure. However, since the atmosphere within 
the projection optical unit 13 is air before exposure, merely 
flowing the inert gas results in a long time taken to reduce 
the oxygen concentration in the optical path. 
[0120] 

To address this, in the present invention, before the 
inert gas is supplied into the projection optical unit 13, the 
projection optical unit 13 is evacuated once or a plurality 
of times to discharge the air originally present in the 
interior. 
[0121] 

When the projection optical unit 13 is deformed due to 
a pressure difference between the interior and exterior of the 
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projection optical unit 13 at the time of the evacuation of 
the projection optical unit 13, the positions of the lenses 
of the projection optical unit 13 are undesirably shifted. 
[0122] 

Thus, in the present invention, the projection optical 
unit 13 is surrounded by a seal container in order to reduce 
the pressure difference between the interior and exterior of 

the projection optical unit 13. In performing the evacuation 
of the projection optical unit 13, the interior of the seal 
container is controlled to be at a pressure substantially the 
same as the pressure within the projection optical unit 13. 
This can reduce the pressure difference between the interior 
and the exterior of the projection optical unit 13 to suppress 
the deformation at the time of the evacuation of the projection 
optical unit 13. 
[0123] 

The abovementioned seal container is described with 
reference to Fig. 6. In Fig. 6, a seal container 151 surrounds 
the projection optical unit 13. A vacuum pump 153 forcedly 
exhausts gas within the seal container 151 to evacuate the seal 
container 101. 
[0124] 

An air vent 155 allows the atmosphere within the 
projection optical unit 13 to communicate with the atmosphere 
within the seal container 151. When the vacuum pump 153 
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forcedly exhausts the gas in the projection optical unit 13, 
the pressure of the atmosphere within the projection optical 
unit 13 is reduced, and the gas within the seal container 151 
is discharged through the air vent 155 via the projection 
optical unit 13. This can perform the evacuation of the 
projection optical unit 13 and the seal container 151 and 
achieve the pressure within the projection optical unit 13 
substantially the same as the pressure within the seal 
container 151. 
[0125] 

The abovementioned configuration can be used to perform 
the evacuation of the projection optical unit 13 and to reduce 
the pressure difference between the interior and the exterior 
of the projection optical unit 13. This can reduce the 
deformation of the projection optical unit 13 at the time of 
the evacuation. 
[0126] 

The seal container 151 may double as the abovementioned 
chamber 26, the outer casing 24 or the like. 
[0127] 

When the seal container 151 is evacuated, a pressure 
difference may be produced between the interior and the 
exterior of the seal container 151 to cause deformation. If 
the seal container 151 supports the projection optical unit 
13, it is undesirable to transfer the deformation of the seal 



54 



container 151 to the projection optical unit 13. Thus, in the 
present invention, a displacement mechanism for producing a 
displacement is provided between the seal container 151 and 
the projection optical unit 13. 
[0128] 

When the seal container 151 is deformed, displacement 
mechanisms 157A and 157B produce a displacement between the 

seal container 151 and the projection optical unit 13 in 
response to the deformation of the seal container 151 so as 
not to transfer the deformation to the projection optical unit 
13. The reference member 111 provided externally is used as 
a reference of positioning the projection optical unit 13, and 
the distance between the projection optical unit 13 and the 
reference member 111 is detected by an interferometer 163 . The 
displacement mechanisms 157A and 157B are controlled on the 
basis of the position information detected by the 
interferometer 163. 
[0129] 

The displacement mechanisms 157A and 157B can desirably 
control the projection optical unit 13 in six-axis directions. 
The displacement mechanisms 157A and 157B may support the 
projection optical unit 13 for the seal container 151. In 
addition, the displacement mechanisms 157A and 157B desirably 
provide the displacement in a non-contact manner. 
[0130] 
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The seal container 151 needs to pass exposure light 
therethrough during exposure. Thus, transmitting windows 
165A and 165B are provided for the seal container 151 in the 
present invention. The transmitting windows 165A and 165B are 
held to ensure the hermeticity within the seal container 151 
and have a structure resistant to a pressure difference, if 
any, between the interior and the exterior of the seal container 
151 . In view of deformation of the seal container 151, as shown 
in Fig. 7, later described, the transmitting windows may be 
held by a bellows and be moved by an actuator . The transmitting 
windows 165A and 165B are formed of glass material made of 
fluorine compound. Specifically, it is possible to use any 
of fluorite (CaF2), magnesium fluoride (MgF2), barium fluoride 
(BaF2), SrF2, and fluorine doped quartz. These glass 
materials have high transmittance for light having a wavelength 
of 157 nm or less. While the transmitting windows 165A and 
165B are provided by using a parallel plane plate in the present 
embodiment, the present invention is not limited thereto, and 
another transmitting element may be used such as a lens, a prism, 
and a film. 
[0131] 

After the projection optical unit 13 is evacuated as 
described above and the air originally present within the 
projection optical unit 13 is discharged, the inert gas is 
supplied through the gas supply port 62 to circulate the 
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atmosphere within the projection optical unit 13 as described 
above. At this point, the air vent 155 is closed to ensure 
the path of the gas described in Fig. 5. 
[0132] 

In Fig. 6, the air vent 155 is used to reduce the pressure 
difference between the interior of the seal container 151 and 
the interior of the projection optical unit 13. However, the 
means for reducing the pressure difference is not limited 
thereto. For example, similarly to the case shown in Fig. 4, 
it is possible to provide vacuum pumps 153A and 153B for the 
seal container 151 and the projection optical unit 13, 
respectively, and to measure the internal pressures and control 
the vacuum pumps based on the measurement results . In addition, 
similarly to the case shown in Fig. 3 described above, it is 
possible to provide a vacuum pump for the seal container and 
to provide an air vent between the projection optical unit and 
the seal container. 
[0133] 

In Fig. 6, when the pressure of the projection optical 
unit 13 during exposure is substantially the same as the 
external pressure, the hermeticity of the seal container 151 
does not need to be held. In such a case, the transmitting 
windows 165A and 165B provided for the seal container 151 are 
not particularly required, and for example, an 
openable/closable door which is closed in evacuation may be 
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[0134] 

In Fig. 6, the purity of the inert gas within the 
projection optical unit 13 needs to be increased particularly 
during exposure. Thus, the pressure within the projection 
optical unit 13 during the exposure may be a positive pressure. 
This can prevent the inflow of gas from outside the projection 
optical unit 13 to maintain the purity of the inert gas within 
the projection optical unit 13. If the atmosphere within the 
seal container 151 is also the inert gas atmosphere, a reduction 
in purity of the gas in the projection optical unit 13 can be 
reduced even when gas flows into the projection optical unit 
13 from the seal container 151. Thus, it is desirable to 
provide a supply port or a discharge port of the inert gas for 
the seal container 151. 
[0135] 

When the seal container 151 is filled with the inert gas 
as described above, a high purity equal to the purity within 
the projection optical unit 13 is not necessarily desired. For 
example, the purity may be higher in the order within the 
projection optical unit 13, then within the seal container 151, 
and outside the seal container. 
[0136] 

When a positive pressure is set within the projection 
optical unit 13 as described above, the pressure may be 
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controlled to be higher in the order within the projection 
optical unit 13, then within the seal container 101, and outside 
the seal container, for example. 
[0137] 

When the projection optical unit 13 is evacuated a 
plurality of times, it is desirable to have a step of filling 
the projection optical unit 13 with the inert gas between the 

evacuation steps. The evacuation performed a plurality of 
times can reduce the pressure difference between the interior 
and the exterior at each evacuation step to reduce deformation. 
In addition, the oxygen concentration can be sufficiently 
reduced in a short time. 
[0138] 

Next, description is made of a modification of the seal 
container which surrounds the projection optical unit with 
reference to Fig. 7. In Fig. 7, components identical to those 
in Fig. 6 are designated with the same reference numerals and 
detailed description thereof is omitted. 
[0139] 

In Fig. 7, the projection optical unit 13 is supported 
on the barrel surface plate 22. A seal container 151A covers 
a portion of the projection optical unit 13 above the barrel 
surface plate 22. A seal container 151B covers a portion of 
the projection optical unit 13 below the barrel surface plate 
22. Although not shown, the space within the seal container 
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151A communicates with the space within the seal container 

151B. 

[0140] 

A vacuum pimp 153A evacuates the space between the seal 
containers 151A and 151B and the projection optical unit 13. 
A vacuum pump 153B evacuates the gas in the projection optical 
unit 13. This achieves the pressure within the projection 
optical unit 13 substantially equal to the pressure within the 
seal container 151 similarly to the abovementioned case. An 
air vent may be provided and a vacuum pump may be provided 
similarly to the abovementioned case. 
[0141] 

When the seal containers 151A and 151B are evacuated, 
a pressure difference may be produced between the interior and 
the exterior of the seal containers 151A and 151B to cause 
deformation. It is undesirable to transfer the deformation 
of the seal containers 151A and 151B to the projection optical 
unit 13. 
[0142] 

Thus, in the example of Fig. 7, the seal container 151A 
and the barrel surface plate 22 are coupled to each other with 
hermeticity maintained via a stainless bellows 167A which is 
a movable body. Similarly, the seal container 151B is coupled 
with hermeticity maintained via a stainless bellows 167B which 
is a movable body. Thus, even when the pressure difference 
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between the interior and the exterior of the seal containers 
151A and 151B deforms the seal containers 151A and 151B, the 
influence of the deformation is not transferred to the barrel 
surface plate. As a result, the influence of the deformation 
of the seal containers 151A and 151B is not transferred to the 
projection optical unit 13 . It should be noted that the barrel 
surface plate 22 may not be deformed easily even when the 
pressures of the interiors of the seal containers 151A and 151B 
are reduced. Thus, even when the seal containers 151A and 151B 
are evacuated, the deformation has a small influence on the 
projection optical unit 13. 
[0143] 

The deformation of the seal containers 151A and 151B may 
distort or displace the transmitting windows 165A and 165B 
provided for the seal container. Thus, the transmitting 
windows 165A and 165B are held to be movable relative to the 
seal containers 151A and 151B by bellows (movable bodies) 169A 
and 169B, respectively, and are movable relative to the seal 
container by an actuator (not shown) . When the seal containers 
151A and 151B are deformed, the transmitting windows 165A and 
165B are positioned by the actuator in a predetermined position 
relationship with the projection optical unit 13 . The holding 
of the transmitting windows 165A and 165B is not limited to 
the use of the bellows, and any method may be used as long as 
the transmitting windows 165A and 165B may be held to be movable 
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relative to the seal containers 151A and 151B to hold the 
hermeticity within the seal container. 
[0144] 

It goes without saying that the abovementioned bellows 
169A and 169B are not required when the abovementioned 
openable/closable door is provided instead of the transmitting 
windows 165A and 165B. 

[0145] 

Returning again to Fig. 1, the description is continued. 

[0146] 

The gas discharged into the chamber 2 6 through the gas 
discharge ports 60 and 63 is discharged through a circulating 
outlet 70 of the chamber 26 and is directed to an inlet port 
73 of a gas circulating unit 72 via piping 71. The gas 
distributed into predetermined flow amounts within the gas 
circulating unit 72 is discharged through distribution ports 
74a, 74b, 74c, and 74d of the gas circulating unit 72. 
[0147] 

The gas discharged through the distribution port 74a is 
directed via piping 75a to a down flow duct 7 6 which flows down 
almost all of the gas within the chamber 26, and is blown into 
the chamber 26 via a ULPA filter 76' within the down flow duct 
76. 
[0148] 

The gas discharged through the distribution port 74b is 
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directed to a partial duct 25 via piping 75b and is blown out 
to the space near the reticle 8 and the interferometer optical 
path 12' as described above. 
[0149] 

The gas discharged through the distribution port 74c is 

directed to a gas inlet port 41 of the external casing 24 via 
piping 75c, passes through the space between the projection 
optical unit 13 and the external casing 24, and then is 
discharged into the chamber 26 through the opening portion 24 ' 
of the external casing 24. 
[0150] 

The gas discharged through the distribution port 74d is 
directed to a partial duct 23 via piping 75d and is blown out 
to the space near the wafer 14 and the interferometer optical 
path 18' as described above. 
[0151] 

Although not shown, a chemical filter is provided for 
removing impurities within the gas from the inlet port in the 
gas circulating unit 72. 
[0152] 

A temperature adjusting mechanism, not shown, is 
provided in the gas circulating unit 72 . The temperature 
adjusting mechanism performs control at a predetermined 
temperature in response to an instruction from a control 
apparatus 78 based on the detection results of thermometers 
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77a to 77d provided in the exposure apparatus. 
[0153] 

The gas from the abovementioned gas supply source 57 may 
be controlled at a predetermined temperature within the gas 
supply source 57 in advance, or the piping path may be 

determined such that a predetermined temperature is reached 
by the time the gas in the piping 58 and 61 arrives at the supply 
ports 5 9 and 62 via the space for which the temperature is 

controlled as described above. 
[0154] 

In Fig. 1, after part of the gas within the chamber 26 
is recovered through piping 80 and the pressure thereof is 
increased to a predetermined gas pressure, a high-pressure gas 
supply apparatus 7 9 supplies the gas to a gas bearing (not 
shown) of the wafer stage 15 via piping 81a, to a gas bearing 
(not shown) of the reticle stage 9 via piping 81b, and to a 
gas bearing (not shown) of the masking blade 301 (Fig. 4) via 
piping 81c. The inert gas which is a purge gas within the 
chamber 26 can be used as a working fluid for the gas bearing 
to maintain the environment within the chamber 26 in a 
predetermined state . 
[0155] 

Next, the internal schematic configuration of the 
high-pressure gas supply apparatus 7 9 is described with 
reference to Fig. 8. 
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[0156] 

The pressure of the gas from the piping 80 is detected 
by a pressure gage 701 and a control valve 702 is controlled 
by the control apparatus 78 (Fig. 1) to control the gas at a 
predetermined flow rate. The gas controlled at the 
predetermined flow rate by the control valve passes through 
a recovery pump 703, is stored in a buffer tank 704, pressurized 
to a predetermined pressure by a compressor 705, and then is 
flowed to the piping 81a to 81c. The gas flow path is branched 
between the pressure gage 701 and the control valve 702 and 
is discharged with an exhaust pump 70 6. The exhaust amount 
is controlled by a mass-flow controller 708 based on the 
detection result of a pressure gage 707 provided for the buffer 
tank 704 when the exhaust is required. The mass-flow 
controller 708 is controlled by the control apparatus 78 (Fig. 
1) based on the detection result of the pressure gage 707. 
[0157] 

According to the abovementioned configuration, the 
atmospheric pressure within the chamber 26 can be controlled 
at a constant level at all times . This can maintain the optical 
characteristics susceptible to pressure variations, for 
example the performance of the projection optical unit 13 (Fig. 
1) . 

[0158] 

It is also possible to maintain the relative pressure 
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difference between the atmospheric pressure within the chamber 
26 and the outside air pressure at a predetermined value. This 
can be achieved by using the pressure gage 701 as a differential 
pressure gage and detecting the pressure difference between 
the pressure within the piping 80 (that is, within the chamber 
2 6) and the outside air pressure. 
[0159] 

In addition, the relative pressure difference between 
within the chamber 2 6 and within the chamber 4 can be maintained 
at a predetermined value. This can be achieved by detecting 
the relative pressure difference between within the piping 80 
(that is, within the chamber 26) and with the chamber 4 using 
the abovementioned differential pressure gage. 
[0160] 

The chamber 26 may be provided with the functions of the 
above-mentioned seal container 101 or seal container 151. 
[0161] 

In Fig. 1, the gas from the gas supply source 57 is 
supplied to the load lock room 36 for the wafer via piping 82, 
passes through piping 83 while substituting for the interior, 
and is discharged to an exhaust mechanism 86. Similarly, the 
gas from the gas supply source 57 is supplied to the load lock 
room 31 for the reticle via piping 84, passes through piping 
85 while substituting for the interior, and is discharged to 
the exhaust mechanism 86. 
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[0162] 

For the timing of the gas supply, after the gate valve 
32 or 37 is opened and the reticle or the wafer is mounted on 
the support stage 34 or 39, the gate valve 32 or 37 is closed, 
and then a valve (not shown) provided for the gas supply source 
and a valve (not shown) provided inside the exhaust mechanism 
8 6 are opened in response to an instruction from the control 
apparatus 78 to perform the gas supply. 
[0163] 

When the interiors of the load lock rooms 31 and 36 attain 
predetermined states, the valve is closed in response to an 
instruction from the control apparatus 78 to stop the gas supply. 
In addition, the gate valves 33 and 38 are opened to cause the 
carrying means 35 and 4 0 to carry the reticle 8 and the wafer 
14 into the apparatus. 
[0164] 

When the reticle 8 or the wafer 14 is carried out of the 
apparatus, the gas supply is started with the gate valves 32, 
33, 37, and 38 closed, and the gas supply is stopped when the 
interior of each load lock room reaches the predetermined state. 
Next, the gate valves 33 and 38 are opened and the carrying 
means 35 and 40 carry the reticle 8 and the wafer 14 out of 
the apparatus and then mount them on the support stage 34 and 
39 within the load lock rooms 31 and 39. After the mounting, 
the gate valves 33 and 38 are closed and the gate valves 32 
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and 37 are opened to take out the reticle 8 and the wafer 14 
by means, not shown. 
[0165] 

In the above description, the reticle 8 and the wafer 
14 are simultaneously carried into or out of the apparatus, 
it goes without saying that the reticle 8 and the wafer 14 can 
be individually carried into or out of the apparatus. 

[0166] 

The load lock rooms 31 and 36 are subjected to the gas 
substitution in order not to affect the environments within 
the chamber 26 when the gate valves 33 and 38 are opened. This 
is well known. 
[0167] 

When a pellicle (not shown) is used for the purpose of 
preventing attachment of dust onto the pattern surface of the 
reticle 8, the space surrounded by the reticle 8, the pellicle, 
and a pellicle frame (not shown) for supporting the pellicle 
is desirably subjected to the purge gas substitution, and it 
is desirable to use a pressure-equalizing hole pellicle frame 
(having an air vent for communication between the interior and 
the exterior of the pellicle frame) . 
[0168] 

An exhaust port 87 is an exhaust port for discharging 
the gas within the chamber 26. 
[0169] 
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At the time of start of the operation of the apparatus, 
the interior of the chamber 26 and the interior of the gas 
circulating unit 72 are in an air state. 
[0170] 

Thus, at the time of start-up of the apparatus, the gas 
supply from the gas supply source 57 to the projection optical 
unit 13 and the housing 6 is started, and the exhaust is 

performed to the exhaust mechanism 8 6 from the exhaust port 
87 through piping 88. The ON/OFF of the exhaust operation is 
performed by the control apparatus 78 controlling a valve (not 
shown) provided within the exhaust means 86. 
[0171] 

When the interior of the chamber 26 and the circulating 
unit reach a predetermined substitution state, the exhaust from 
the discharge port 87 is stopped to enter an exposure operative 
state. 
[0172] 

The determination of the timing to stop the exhaust from 
the exhaust port 87 may be made by the control apparatus 78 
automatically determining whether or not a predetermined time 
has elapsed since the exhaust start to issue an exhaust stop 
instruction, or by placing a gas detector (not shown) at a 
predetermined point within the chamber 26 or within the 
circulating unit to allow the control apparatus 78 to 
automatically make a determination based on the detection 
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result to issue an exhaust stop instruction. 
[0173] 

In starting the operation of the apparatus, when it is 
desirable that the substitution states of the chambers 4 and 
26 should reach a predetermined state in a shorter time, or 
when the substitution is finished in a shorter time to improve 
the throughput since the air release and the substitution state 
are repeated for each replacement of reticles or wafers within 
the load lock rooms 31 and 36, a vacuum pump may be used to 
exhaust the air forcedly from exhaust means 56 and 86 to 
evacuate the chambers 4 and 26 and the load lock rooms 31 and 
36 before the gas purge is performed in the method described 
above. In this case, the chambers 4 and 26 and the load lock 
rooms 31 and 36 need to have sufficient rigidity to prevent 
their deformation in the vacuum state from affecting the 
apparatus performance. 
[0174] 

In the embodiment shown in Fig. 1, the movable members 
27, 28, and 29 are used. Even when the chambers 4 and 26 are 
deformed in the vacuum state, the deformation can be prevented 
from being directly transferred to the adjacent component. 
[0175] 

A series of operations described above for evacuating 
the chambers and the load lock rooms and then supplying the 
gas may be repeated a plurality of times as required. As 
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compared with the case where the evacuation is performed only 
once to perform the purge, when the operations are repeated 
a plurality of times, the attained degree of vacuum within the 
chambers and the load lock rooms may be a relatively low (with 
a high absolute pressure) to reduce the cost of the vacuum pump 
or the parts for vacuum significantly. In the substitution 
method of the present invention, helium is supplied after the 
last evacuation is finished, and nitrogen is desirably used 
in the purge before that. 
[0176] 

According to the embodiment shown in Fig. 1, even when 
the interior of the chamber 4 is released to the air due to 
maintenance or the like, the chamber 26 can maintain the purge 
state. In contrast, when the interior of the chamber 26 is 
released to air, the chamber 4 can maintain the purge state. 
[0177] 

<Embodiment 2> 

Fig. 14 is a diagram for explaining Embodiment 2 
according to the present invention. A modification of the seal 
container which covers the illumination optical unit is 
described with reference to Fig. 14. 
[0178] 

In Fig. 14, components identical to those in Fig. 3 are 
designated with the same reference numerals and description 
thereof is omitted. 
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[0179] 

In Fig. 14, a chamber 4 and a housing 6 constituting an 
illumination optical unit are supported on an illumination unit 
surface plate 102. A seal container 101 covers the chamber 
4 and the housing 6. 
[0180] 

A vacuum pump 103A produces a vacuum in the internal space 
between the seal container 101 and the chamber 4 and the housing 
6. Similarly, a vacuum pump 103B produces a vacuum in the 
interior of the chamber 4, and a vacuum pump 103C produces a 
vacuum in the interior of the housing 6. This allows the 
pressures within the chamber 4 and the housing 6 to be 
substantially the same as the pressure within the seal 
container 101. 
[0181] 

As described in Embodiment 1, an air vent may be provided 
between the chamber 4 and the seal container 101 or between 
the housing 6 and the seal container 101 and a vacuum pump may 
be provided for any of them. 
[0182] 

When the seal container 101 is evacuated, a pressure 
difference may be produced between the interior and the 
exterior of the seal container 101 to cause deformation. It 
is undesirable to transfer the influence of the deformation 
of the seal container 101 to the chamber 4 or the housing 6. 
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Thus, in the configuration of Fig. 14, the seal container 101 
and the illvimination unit surface plate 1022 are coupled to 
each other with hermeticity maintained by absorbing the 
deformation due to the pressure difference via a stainless 
bellows 1167 which is a movable body. Thus, even when the 
pressure difference between the interior and the exterior of 
the seal container 101 deforms the seal container 101, the 
influence of the deformation is not transferred to the surface 
plate. As a result, the influence of the deformation of the 
seal container 101 is not transferred to the chamber 4 and the 
housing 6. 
[0183] 

The illumination unit surface plate 1022 is not deformed 
easily even when the pressure of the interior of the seal 
container 101 is reduced. Even when the seal container 101 
is evacuated, the deformation of the illumination unit surface 
plate 1022 has only a small influence on the chamber 4 and the 
housing 6. 
[0184] 

On the other hand, the deformation of the seal container 
101 may distort or displace a transmitting window 115 provided 
for the seal container. To address this, the transmitting 
window 115 is held to be movable relative to the seal container 
101 by a bellows 1169 which is a movable body and is movable 
relative to the seal container by an actuator, not shown. When 
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the seal container 101 is deformed due to the pressure 
difference between the interior and the exterior, the 
transmitting window 115 is positioned by the actuator in a 
predetermined position relationship with the housing 6. 
[0185] 

The holding of the transmitting window 115 is not limited 
to the use of the bellows, and any material may be used as long 
as the transmitting window 115 may be held to be movable 
relative to the seal container 101 to hold hermeticity within 
the seal container. 
[0186] 

It goes without saying that the abovementioned bellows 
1169 is not required when the abovementioned openable/closable 
door which is closed by a negative pressure in evacuation as 
described in Embodiment 1 is provided instead of the 
transmitting window 115. 
[0187] 

When the reference member 111 as shown in Fig. 3 is rigidly 
connected to the surface plate 1022, the positioning with the 
displacement mechanisms 107A and 107B in Fig. 3 is not required. 
[0188] 

In the present embodiment, the illumination unit surface 
plate 1022 for holding the chamber 4 and the housing 6 may be 
provided integrally with the barrel surface plate 22 (see Fig. 
7) for holding the projection optical unit 13 in the embodiment 
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described above. In addition, the seal container 101 in the 
present embodiment may be the same component as the seal 
container 151 (see Fig. 7) in the embodiment described above. 
[0189] 

Such a configuration in which the chamber is surrounded 
by the seal container is not limited to the projection optical 
unit or the illumination unit. For example, a wafer stage space 

or a reticle stage space may be surrounded by a chamber and 
the chamber may be surrounded by a seal container. The seal 
container may be the same component. 

[0190] 

<Embodiment of Semiconductor Production System> 

Next, description is made of an example of a production 
system of semiconductor devices (such as semiconductor chips 
including ICs and LSIs, liquid crystal panels, CCDs, thin film 
magnetic heads, and micromachines) . This performs 

maintenance service such as trouble solution and periodic 
maintenance of a manufacturing apparatus installed in a 
semiconductor manufacturing factory or software supply by 
using a computer network outside the manufacturing factory. 
[0191] 

Fig. 9 shows the overall system illustrated at a certain 
angle. In Fig. 9, reference numeral 1101 shows a business of 
a vendor (apparatus supply manufacturer) which provides the 
semiconductor device manufacturing apparatus . Conceivable 
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examples of the manufacturing apparatus include a 
semiconductor manufacturing apparatus for various processes 
used in the semiconductor manufacturing factory, for example, 
front-end equipment (such as a lithography apparatus including 
an exposure apparatus, a resist processing apparatus, and 
etching apparatus, a heat-treatment apparatus, a film 
deposition apparatus, and a planarizing apparatus) and 
back-end equipment (such as an assembly apparatus and a test 
apparatus) . The business 1101 includes a host management 
system 1108 for providing maintenance database of the 
manufacturing apparatus, a plurality of operation terminal 
computers 1110, and a local area network (LAN) 1109 for 
connecting the computers to constitute an intranet. The host 
management system 1108 includes a gateway for connecting the 
LAN 1109 to the Internet 1105 which is a network outside the 
business and security functions for limiting accesses from the 
outside . 
[0192] 

On the other hand, reference numerals 1102 to 1104 show 
manufacturing factories of the semiconductor manufacturer as 
a user of the manufacturing apparatus. The manufacturing 
factories 1102 to 1104 may be factories belonging to different 
manufacturers or may be factories (for example, factories for 
the front-end process and factories for the back-end process) 
belonging to the same manufacturer. Each of the factories 1102 
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to 1104 includes a plurality of manufacturing apparatuses 1106, 
a local area network (LAN) 1111 for connecting the apparatuses 
to constitute an intranet, and a host management system 1107 
serving as a monitor apparatus for monitoring the operation 
status of each of the manufacturing apparatuses 1106. The host 
management system 1107 provided for each of the factories 1102 
to 1104 includes a gateway for connecting the LAN 1111 in each 
of the factories to the Internet 1105 which is a network outside 
the factory. 
[0193] 

This allows access from the LAN 1111 in each of the 
factories to the host management system 1108 in the vendor 1101 
through the Internet 1105 such that only limited users can have 
access due to the security functions of the host management 
system 1108. Specifically, status information (for example, 
the symptom of the manufacturing apparatus encountering a 
trouble) representing the operation status of each of the 
manufacturing apparatuses 1106 is notified from the factory 
to the vendor through the Internet 1105, and response 
information to the notification (for example, information 
indicating how to solve the trouble, software or data for 
solution) , and maintenance information such as the latest 
software and help information can be received from the vendor. 
[0194] 

A communication protocol (TCP/IP) generally used in the 
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Internet is used in the data communication between each of the 
factories 1102 to 1104 and the vendor 1101 and the data 
communication through the LAN 1111 in each of the factories. 
Instead of the use of the Internet as the network outside the 
factory, a dedicated network (such as an ISDN) with a high level 
of security accessible by a third party may also be used. 
[0195] 

The host management system is not limited to that 
provided by the vendor, and a user may constitute and place 
a database on an outside network such that the database can 
be accessed by a plurality of factories of the user. 
[0196] 

Fig. 10 is a conceptual diagram representing the overall 
system of the present embodiment taken at a different angle 
from that in Fig. 9. In the previous example, the plurality 
of user factories each including the manufacturing apparatus 
are connected to the management system of the vendor of the 
manufacturing apparatus through the outside network to perform 
the data communication of the information of the production 
management of each factory and at least one of the manufacturing 
apparatuses through the outside network. In contrast, in the 
present example, a factory including manufacturing 
apparatuses of a plurality of vendors is connected to a 
management system of each of the vendors of the plurality of 
manufacturing apparatuses through a network outside the 
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factory such that the data of maintenance information of each 
manufacturing apparatus is communicated. 
[0197] 

In Fig. 10, reference numeral 1201 shows a manufacturing 
factory of a manufacturing apparatus user (semiconductor 
device manufacturer) . In a manufacturing line of the factory, 
manufacturing apparatuses for performing various processes 
are introduced, which are an exposure apparatus 1202, a resist 
processing apparatus 1203, and a film deposition apparatus 1204 , 
by way of example. While only one manufacturing factory 201 
is drawn in Fig. 10, a plurality of factories are networked 
similarly in reality. 
[0198] 

The apparatuses in the factory are connected to each 
other through a LAN 1206 to constitute an intranet, and a host 
management system 1205 manages the operation of the 
manufacturing line. On the other hand, each of businesses of 
vendors (apparatus supply manufacturers) including an 
exposure apparatus manufacturer 1210, a resist processing 
apparatus manufacturer 1220, and a film deposition apparatus 
manufacturer 1230 include host management systems 1211, 1221, 
and 1231 for performing remote maintenance of the equipment 
supplied thereby, and the system includes a maintenance 
database and a gateway for an outside network as described 
above . 
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[0199] 

A host management system 1205 for managing each apparatus 
within the user manufacturing factory is connected to the 
management systems 1211, 1221, and 1231 of the vendors of the 
apparatuses through the Internet which is an outside network 
or a dedicated network. In the system, if a trouble occurs 
in any of a series of manufacturing apparatuses in the 
manufacturing line, the operation of the manufacturing line 
stops. However, countermeasures can be immediately taken by 
remote maintenance through the Internet 1200 from the vendor 
of the apparatus encountering the trouble, so that the stop 
of the manufacturing line can be minimized. 
[0200] 

Each of the manufacturing apparatuses placed in the 
semiconductor manufacturing factory includes a display, a 
network interface, and a computer for executing software for 
network access and software for operating the apparatus stored 
in a storage. Examples of the storage include an in-built 
memory, a hard disk, or a network file server. The 
abovementioned software for network access includes a 
dedicated or a general-purpose web browser to provide a user 
interface with a screen on a display, for example as shown in 
Fig. 11. 
[0201] 

An operator who manages the manufacturing apparatus in 
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each factory refers to the screen and inputs information such 
as the type (1401) of the manufacturing apparatus, a serial 
number (1402), the name of a trouble (1403), the date of 
occurrence (1404), urgency (1405), symptoms (406), how to solve 

(407) , and progress (408) into entry items on the screen. The 
input information is transmitted to the maintenance database 
through the Internet, and the resulting appropriate 
maintenance information is transmitted back from the 
maintenance database and shown on the display. The user 
interface provided by the web browser realizes hyperlink 
functions (1410 to 1412) as shown, and the operator can access 
detailed information of each item, take software of the newest 
version for use in the manufacturing apparatus from a software 
library provided by the vendor, or take an operation guide (help 
information) for reference of the operator of the factory. 

[0202] 

The maintenance information provided by the maintenance 
management system includes information about the oxygen 
concentration within the chamber described above. The 
software library provides the newest software for realizing 
switching of the gas supply apparatus, control of the oxygen 
concentration within the chamber and the like. 
[0203] 

Next, description is made of the production process of 
the semiconductor device using the manufacturing system 
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described above. Fig. 12 shows a flow of the overall 
manufacturing process of the semiconductor device. At step 
1 (circuit design) , the circuit design of the semiconductor 
device is performed. At step 2 (mask fabrication), a mask is 
fabricated on which the designed circuit pattern is formed. 
At step 3 (wafer manufacturing) , a wafer is manufactured by 
using a material such as silicon. Step 4 (wafer process) is 
called a front-end process in which the mask and wafer provided 
as above are used to form an actual circuit on the wafer with 
a lithography technique. The next step 5 (assembly) is called 
a back-end process in which the wafer fabricated at step 4 is 
used to form a semiconductor chip, and this step includes 
assembly steps such as an assembly step (dicing and bonding) 
and a packaging step (chip enclosure) . At step 6 (test) , the 
semiconductor device fabricated at step 5 is tested with an 
operation check test, a durability test and the like. After 
these steps, the semiconductor device is finished and shipped 
(step 7) . 
[0204] 

The front-end process and the back-end process are 
performed separately in dedicated factories, and the remote 
maintenance system described above is used to perform 
maintenance for each factory. The information for production 
management or apparatus maintenance is communicated through 
the Internet or a dedicated network between the front-end 
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factory and the back-end factory. 
[0205] 

Fig. 13 shows a detailed flow of the abovementioned wafer 
process. At step 11 (oxidation), the surface of the wafer is 
oxidized. At step 12 (CVD) , an insulating film is deposited 
on the wafer surface. At step 13 (electrode formation), an 
electrode is formed on the wafer with vapor deposition. At 
step 14 (ion implantation) , ions are implanted into the wafer. 
At step 15 (resist processing) , a photosensitive material is 
applied to the wafer. At step 16 (exposure), the circuit 
pattern of the mask is printed with exposure to the wafer by 
using the exposure apparatus described above. At step 17 
(development), the exposure wafer is developed. At step 18 
(etching) , the portions other than the developed resist image 
are cut away. 
[0206] 

At Step 19 (resist stripping), the unnecessary resist 
after the etching is removed. These steps are repeatedly 
performed to form the circuit pattern in a multiple manner on 
the wafer. Since the manufacturing equipment used in each step 
is subjected to maintenance by the remote maintenance system 
described above, troubles can be prevented before they occur, 
and even when any trouble occur, immediate recovery can be 
achieved. Thus, the productivity of the semiconductor device 
can be improved over the prior art . 
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[0207] 

[Advantage of the Invention] 

As described above, according to the exposure apparatus 
of the present invention, the deformation of the chamber 
including the optical element can be suppressed when the 
pressure within the chamber is reduced. 
[0208] 

In addition, according to the exposure apparatus of the 
present invention, the purity of the inert gas within the 
chamber can be held high. 

[0209] 

Furthermore, according to the exposure apparatus of the 
present invention, the purity of the inert gas within the 
chamber can be held high. 
[Brief Description of the Drawings] 

[Fig. 1] An overall configuration diagram showing an 
exposure apparatus . 

[Fig. 2] A configuration diagram showing an illumination 
optical unit of the exposure apparatus according to the present 
invention. 

[Fig. 3] A configuration diagram showing the illumination 
optical unit of the exposure apparatus according to the present 
invention. 

[Fig. 4] Another configuration diagram showing the 
illumination optical unit of the exposure apparatus according 
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to the present invention. 

[Fig. 5] A configuration diagram showing the illumination 
optical unit of the exposure apparatus according to the present 
invention. 

[Fig. 6] A configuration diagram showing the illumination 
optical unit of the exposure apparatus according to the present 
invention. 

[Fig. 7] Another configuration diagram showing the 
illumination optical unit of the exposure apparatus according 
to the present invention. 

[Fig. 8] A diagram for explaining a partial configuration 
of the illumination optical unit in Fig. 1. 

[Fig. 9] A schematic diagram showing the overall system of 
a computer network. 

[Fig. 10] A schematic diagram showing the overall system of 
the computer network. 

[Fig. 11] A diagram showing a display screen of a display 
apparatus . 

[Fig. 12] A diagram showing a flow of a semiconductor device 
manufacturing process. 

[Fig. 13] A diagram showing a flow of a wafer process. 
[Fig. 14] A diagram for explaining a modification of a seal 
container which covers the illumination optical unit as 
Embodiment 2 according to the present invention. 
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